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[57] ABSTRACT 
A location dependent signal processor for radiant en 
ergy detector arrays which include two-dimensional 
spatial ?ltering and/or background normalizing, with 
means providing programmed control of the signal 
processor ?lter weighting and normalizer thresholding 
operations as a function of the location of each succes 
sive output pixel with respect to the periphery of the 
detector array, so as to enable the signal processor to 
minimize the effects of initialization and wrap-around 
pixels on the processor signal output. 

10 Claims, 4 Drawing Sheets 
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LOCATION DEPENDENT SIGNAL PROCESSOR 

The Government has rights in this invention pursuant 
to Contract F336l5-83-C-10l5 awarded by the Depart 
ment of the Air Force. 

FIELD OF THE INVENTION 

The present invention relates to signal processors for 
video and infrared detection systems, and more particu 
larly relates to such processors adapted to provide spa 
tial ?lter and/ or background normalizer functions in 
multi-detector array systems. 

BACKGROUND ART 

Radiant energy detection systems for use in the visi 
ble and infrared portions of the spectrum typically uti 
lize a large number of individual radiation-sensitive 
elements arrayed in a rectangular grid with the individ 
ual elements of the array being “rea ” or scanned in 
raster fashion, each picture element (“pixel”) within the 
grid becoming the output pixel in predetermined se 
quence. Many such systems employ spatial ?ltering or 
background normalization for enhancing the capability 
of the system to detect point sources of radiant energy 
in the presence of clutter, interference or other back 
ground noise. As commonly implemented such ?lters 
and normalizers require the sensing not only of the 
signal from the output pixel itself, but also signals from 
a number of neighboring pixels the readings from which 
then are combined in known manner with each other 
and with the output pixel to correct for background 
noise as measured at these additional pixel locations. 
Such correction signal generally is derived from 

readings taken from the pixels of a multipixel moving 
“window” or “mask” which is centered over the output 
pixel itself and scans with it. Typically such mask may 
comprise a 3 X 3 square matrix of pixels for spatial ?lter 
ing applications and a 5X 5 matrix for background nor 
malizers. The signal as read from the output pixel then 
is weighted, in the case of spatial filters, or thresholded 
in the» case of background normalizers, in accordance 
with a signal derived from the signals read from the 
other pixels comprising the mask. These are themselves 
weighted and combined in a manner appropriate to the 
?lter or normalizing function being implemented. 

Problems arise when the pixel mask is attempted to be 
scanned to the detector elements situated in the outer 
most rows and columns of the array, because when the 
output pixel at the mask center has reached such periph 
eral row or column, the pixels on the lead or forward 
side of the mask have run off the adjacent edge of the 
array or “wrapped around” to the start or end of the 
next row or column in the raster pattern being scanned. 
A like problem exists at the initialization of each scan 
line, when beginning the scan of each row and column, 
where only some part of the mask will be positioned 
over the array and some part will lie outside its edges. 
To avoid the degradation of accuracy of spatial ?lter 

ing or normalizing which results from these initializa 
tion and wrap-around phenomena, it is known to start 
and terminate each horizontal and vertical scan at a 
point one or more pixels removed from the ends of each 
row and column, so as to make the full scan window 
remain always within the periphery of the array. By 
thus discarding or neglecting the outer pixel outputs the 
problems of initialization and wrap-around are avoided, 
but there is a price which must be paid. The effective 
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2 
area of the array is substantially reduced; in the particu 
lar case of the 5 X 5 mask for a 32 X 32 array background 
normalizer as described above, for example, such reduc 
tion is more than 23%. This effective reduction of array 
size results in a corresponding reduction of the available 
?eld of view of the system and of its performance capa 
bility. 
The processor of the present invention may incorpo 

rate either or both a spatial ?ltering and a background 
normalizer function with no reduction of available ?eld 
of view, and without substantial compromise of perfor 
mance of the ?lter and normalizer functions even at the 
peripheral edges of the array. Further, these objectives 
are achieved with little if any increase in complexity or 
cost of the processor. 

Therefore, it is a primary object of the present inven 
tion to provide a signal processor for a signal detection 
system which avoids the initialization and wrap-around 
effects associated with implementation of two-dimen 
sional spatial ?lters‘ and background normalizers for the 
signal processing functions in video and infrared detec 
tion systems. It is another object of the invention to 
provide a location dependent signal processor that mini 
mizes the impact of initialization and wrap-around ef 
fects on spatial ?lter weighting and background normal 
izer thresholding while avoiding reduction of available 
?eld-of-view. 

SUMMARY OF THE INVENTION 

These and other objects are achieved by providing a 
location dependent signal processor which, for a two 
dimensional spatial ?lter, includes means for adaptively 
controlling the signal processing operations as a func 
tion of the present location of the output pixel and its 
associated spatial filter mask, which typically may com 
prise the eight pixels immediately surrounding the out 
put pixel. An address counter provides a present loca 
tion address as each pixel of the array is scanned, along 
with three least signi?cant bits (LSB’s) to give eight 
time slots in each pixel read or “cell” time. A spatial 
?lter select PROM receives such location address, de 
termines which spatial ?lter to use and provides an 
input accordingly to a tap weight PROM which re 
ceives also the time slot input from the address counter. 
The “select” input to the tap weight PROM controls 
which of a number of stored sets of spatial ?lter tap 
weights is selected, and the time slot input controls the 
readout of tap weights from this selected set properly 
sequenced for each of the eight pixels of the ?lter mask. 
The time slot output from the address counter is also 

applied to a delay PROM which provides a delay value 
corresponding to each pixel of the ?lter mask. This 
delay value is subtracted from the present address loca 
tion and the result applied to a data RAM in which pixel 
data for the entire frame is stored. The pixel data read 
from this RAM is fed to a multiplier-accumulator which 
multiplies the data for each pixel by its corresponding 
tap weight out of the tap weight PROM. The multiplier 
accumulator performs eight multiply-accumulates (for a 
3X3 mask) for each cell time for each pixel. This ac— 
complishes a summation of the multiplied pixel values 
and accumulation of these values for the eight pixels of 
the mask. The output pixel, which does not require a 
different weight, is delayed by an appropriate amount to 
center it in the mask and the data from the accumulator 
is added to such delayed data value to form the spatially 
?ltered signal output. 
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A location dependent background normalizer simi 
larly includes an address counter providing pixel loca 
tion and time slot outputs, a background normalizer 
select PRO and a delay PROM, but does not require a 
tap weight PROM. In the background normalizer, the 
delay PROM is programmed differently for each nor 
malizer mask by storing in the delay PROM a different 
set of pixel weighting and delay values for each differ= 
ent con?guration of the normalizer mask as selected by 
the normalizer select PROM and the time slot input. 
The normalizer masks typically may comprise a 5X5 
pixel square, with readings taken only from the outside 
rows and columns of the square. The weighted magni 
tudes for each pixel are accumulated and multiplied in a 
multiplier-accumulator by a variable normalizer value 
determined from the average number of detections per 
frame. The product constitutes a threshold against 
which the output pixel signal magnitude is compared. If 
the threshold is exceeded a detection is declared. The 
number of detections per frame then is compared 
against a preset value of detections and the variable 
normalizer value adjusted accordingly. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a spatial array illustrating the locations 
of problem areas in the operation of spatial ?lters and 
-background normalizers: 
FIG. 2 shows a spatial ?lter mask having a 3 X 3 array 

with the respective delays for each pixel comprising the 
mask; 
FIG. 3 shows the different location dependent spatial 

?lter weights associated with each array location 
shown in FIG. 1: 
FIG. 4 is a system block diagram of the location 

dependent spatial ?lter of the present invention; 
FIG. 5 is a system block diagram of the location 

dependent background normalizer of the present inven 
tion; 
FIG. 6 shows the different delay values which a 5 X 5 

background normalizer mask has at different array loca 
tions; and 
FIG. 7 shows the different location dependent back 

ground normalizer weights associated with each array 
location shown in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 illustrates pixel locations for a 32 X 32 detector 
element array, with the elements disposed in a rectangu 
lar grid and scanned left-to-right, top-to-bottom in ras 
ter fashion. Where the associated processor is to pro 
vide a spatial ?lter or background normalizer function, 
the array is scanned by a multi-element pixel window or 
mask of form such as shown in FIG. 2, with the pixel 
from which the output reading is taken (the “output 
pixel”) being centered within the mask. The output 
pixel is surrounded by a number of other pixels from 
which signals also are read for use in deriving a ?lter 
weighting or normalizer thresholding parameter, to be 
applied to the output pixel signal in a manner appropri 
ate to the ?ltering or normalizing function to be imple 
mented. - 

The 3 X 3 mask shown in FIG. 2 would be suitable for 
spatial ?lter processing. For the background normaliz 
ing function a 5 X 5 or larger mask is more suitable, with 
the output pixel again being centered in the mask. Here 
the normalizer input readings are taken only from pixels 
which are once or more removed from the output pixel 
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4 
itself, with no readings being input from the immedi 
ately adjacent pixels. This difference in mask format is 
attributable to the fact that normalizers are intended to 
distinguish signals of relatively large area extent rather 
than signals of relatively large amplitude gradient as in 
spatial ?ltering. 

Regardless of mask size, when the output pixel is 
located suf?ciently close to an edge of the detector 
array at the beginning or end of a scan line or frame, 
some part of the mask will fall outside the periphery of 
the array thus creating the initialization and wrap 
around problems hereinbefore discussed. As illustrated 
in FIG. 1, such problems arise with a 3X 3 spatial ?lter 
mask whenever the center or output pixel is at any of 
the locations designated A through H, and with a 5 X 5 
background normalizer they additionally occur at the 
locations designated A’ through H’. 
As previously mentioned, one possible remedy for 

these problems is simply to terminate each scan at a 
pixel location suf?ciently remote from the edge of the 
array that the entire mask remains always within its 
periphery, but this necessarily entails a very substantial 
loss of effective array size and available ?eld of view. In 
accordance with the present invention a more satisfac 
tory solution is provided through adaptive control of 
the weighting of the signals read from the mask pixels as 
a function of mask location on the array. 
Thus a different set of pixel weights is provided for 

each of the mask locations at which one or more pixels 
comprising the mask would fall outside an edge of the 
array, as at A-H in FIG. 1. For the spatial ?lter applica 
tion, a suitable pixel weight set for each different mask 
location on the array is shown in FIG. 3, wherein each 
of the letters A through I identi?es a weight set corre 
sponding to the similarly lettered location designation 
in FIG. 1. It will be noted that the weighting assigned to 
the center or output pixel is in all cases a “l”, and that 
zero weight is assigned to each of those pixels which 
would lie outside the array periphery, as some do in all 
of the weight sets except I. The weighting assigned to 
each of the other pixels of the mask at locations A-H, as 
well as those at mask location I in the center section of 
the array, then may be selected to optimize the spatial 
?lter function. Suitable values for these weights are 
shown in FIG. 3, with alternative weighting indicated 
in the case of the I set. 

Referring now to FIG. 4, there is shown a system 
block diagram of the location dependent spatial ?lter of 
the present invention. The processor includes an ad 
dress counter 10 providing a sequence of location ad 
dresses on output line 12 each corresponding to one 
pixel cell in the two-dimensional array, the addresses 
being sequenced in a manner such that the pixel cells are 
scanned in conventional raster fashion. Each location 
address may comprise 10 bits so as to count by one for 
each pixel location, from 0 to 1023 in the case of a 
32X 32 array. Each pixel location has its own associated 
spatial array window or mask, in the form of a 3X3 
matrix centered over the output pixel as previously 
described. The location address on line 12 is received by 
a spatial ?lter select PROM 14 which in turn selects, via 
a 3-bit input on line 18 to a tap weight PROM 16, a 
particular one of the sets of spatial ?lter tap weights 
stored in PROM 16. The members of these stored sets 
have the weights indicated in FIG. 3. 
The three least signi?cant bits (LSB’s) from address 

counter 10 are provided on output line 20 to the tap 
weight PROM 16 as well as to a delay PROM 22 which 
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has the spatial ?lter mask delay values as its memory. 
These values are indicated on FIG. 2 for a 3X3 mask 
scanning a 32X 32 array, and as there shown they are 0, 
1, 2, 32, 34, 64, 65 and 66. The three least signi?cant bits 
on 20 address and select the appropriate tap weight for 
each pixel in that one of the stored sets of ?lter weights 
which is selected by the input to PROM 16 from the 
spatial ?lter select PROM 14. This process is repeated 
for each of the eight time slots in each cell time, to thus 
read out in proper sequence all the ?lter weights of the 
selected set except that of the output pixel, which al 
ways is given unit weighting. 
The 3-LSB output on line 20 also is applied to a delay 

PROM 22, which comprises a set of delay values that 
are subtracted from the current pixel address for access 
ing signal data corresponding to each pixel of the mask, 
again excepting the output pixel. Such data is stored in 
a RAM 24 which acts as a large shift register for the 
entire frame of data for a 32 X 32 array (1024 pixel sites). 
The delays from the delay PROM 22 are subtracted 
from the address location on line 12 out of the address 
counter 10 by a subtraction device 28. This produces on 
line 30 a resultant address location used to access the 
appropriate data in RAM 24 at the right delay time, and 
to read this data into the multiplier-accumulator 2.6. The 
pixel input data is fed to the RAM 24 via input line 38 
and a shift register 40 which also feeds the incoming 
data to another RAM 42 for application to a summing 
device 44. RAM 42 stores the tap weight of “1” for the 
center or output pixel which is always of unity value, 
and also introduces the appropriate time delay (33 cell 
times as indicated in FIG. 2) needed to center the output 
pixel in the ?lter mask. The summing device 44 pro 
duces the spatially ?ltered output signal on line 32 by 
adding to the center pixel signal on line 46 the output on 
line 48 from the multiplier-accumulator 26 . 

This multiplier-accumulator performs eight multiply 
accumulate operations during each cell time for each of 
the pixels in the 32x32 array. For example, when‘the 
address counter 10 is at pixel location 64, the spatial 
?lter output on the line 32 will be for the pixel 31 (after 
subtraction of the 33 cell times necessary to center the 
output pixel). Pixel 31 is location B in FIG. 1, so the 
?lter mask weight set designated B in FIG. 3 is selected. 
With mask B, the system ?rst subtracts 0 from the cur 
rent address, multiplies the pixel value by 0 and loads 
the result into the multiplier-accumulator 26; then sub 
tracts 1 from the current address, multiplies by minus 1 
and accumulates the result; then subtracts 2 from the 
current address, multiplies by 1 and accumulates the 
result; then subtracts 32 from the current address, multi 
plies by O and accumulates the result; then subtracts 34 
from the current address, multiplies by minus one and 
accumulates the result; and so on for each pixel of the 
?lter mask. The subtraction values used in this process 
are the delay times shown in FIG. 2 for the eight ?lter 
mask pixels, and the multipliers are the spatial ?lter 
weights shown in FIG. 3, using the weight set desig 
nated B in this particular example. The product of this 
process is read from multiplier-accumulator 26 and 
added to the output pixel data (properly delayed to 
center it in the ?lter mask) and the result constitutes the 
spatial ?ltered output signal to the background normal 
izer. . 

FIG. 5 is a system block diagram of the location 
dependent background normalizer of the present inven 
tion. A spatially large signal may be caused by clutter 
such as clouds or by phenomena such as modulation 
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6 
transfer widening of a point source by the system ahead 
of the background normalizer, or by a close range sig 
nal. To counteract these phenomena, the background 
normalizer uses an adaptive threshold window to com 
pare the output pixel signal to a threshold. A detection 
is declared if the threshold is exceeded. 
As shown in FIG. 5, an address counter 70 provides 

the location of the output pixel in the array along with 
the three least signi?cant bits (LSB’s) to give eight time 
slots in one cell time. The ?rst time slot is divided in half 
to provide an additional time slot. Incoming data repre 
senting the spatial ?lter output on line'72 is written into 
RAM 74 via shift register 76 during the ?rst half of this 
?rst time slot. During the second half of the ?rst time 
slot, the ?rst weighted pixel accumulation is performed 
in a multiplier-accumulator 92, as in the spatial ?lter of 
FIG. 2. Here it may be noted that the spatial ?lter does 
not require such split ?rst time slot since its ?rst 
weighted pixel is the incoming data (zero delay), and 
this data is stored in RAM and multiplied by its tap 
weight simultaneously. With the background normal 
izer, however, the ?rst weighted pixel always has a 
non-zero delay. Hence, during the ?rst g of the cell time 
the incoming data is quickly written into RAM, and the 
appropriate data is accessed for the ?rst weighted pixel 
accumulation. The remaining seven weighted pixel 
accumulations are performed in the last 5 of the cell_ 
time, one accumulation per % cell time. 
FIG. 6 shows nine background normalizer masks 

A-A' through I, each of 5X5 pixel con?guration, with 
delay values indicated for each pixel which is to have a 
non-zero weighting. The weights for the pixels of these 
masks are shown in FIG. 7, from which it may be ob 
served that only the pixels of the outer rows and col 
unms of the masks are used and those immediately adja 
cent the center or output pixel are not. From FIGS. 6 
and 7 it is also apparent that only background normal 
izer I has eight weighted pixel accumulations. The other 
background normalizers only require four weighted 
pixel accumulations per signal under test. In these situa 
tions, the incoming data is still written into RAM during 
the ?rst half of the ?rst i,- of the cell time. The four 
weighted pixel accumulations are performed during the 
last 4/8 of the cell time. Consequently, irrespective of 
which background normalizer mask is in use at any 
time, the weighted pixel accumulation is complete at the 
end of each cell time. 
A background normalizer select PROM 78 receives a 

location address and determines which of the nine back 
ground normalizer masks to use, and accordingly pro 
vides a location on line 80 which selects the appropriate 
set of pixel weights stored in a delay PROM 82. The 
three least signi?cant bits on line 84 from the address 
counter 70 select the speci?c delays from the delay 
PROM 82 for each pixel. The background normalizer 
mask delays from the delay PROM 82 are subtracted 
from the address location to access the appropriate pixel 
data stored in RAM 74. The pixel data is then recti?ed 
by recti?er 86. 

Since all the tap weights for each background nor 
malizer are either zero and one or are zero and two 

(FIG. 7), the need for a tap weight PROM is avoided by 
always multiplying the pixel data by zero or one. Subse 
quently, the data is adjusted by doubling it if necessary. 
All of the border background normalizers (background 
normalizers A-A’ through H-H' are doubled. Only the 
center background normalizer (background normalizer 
I) is not doubled. Hence, the most signi?cant bit (MSB) 
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on line 88 out of the background normalizer select 
PROM 78 can be used to control the doubling multi 
plexer (MUX) 90. The pixel data is further fed to a 
multiplier/ accumulator 92 which multiplies the data for 
each pixel by a positive normalizer value (K) from line 
94 to adjust the threshold level. The accumulated result 
is then compared in comparator 96 with the actual pixel 
signal under test from line 98 which is stored in a regis~ 
ter 66 pixels deep in RAM 100 and provided via shift 
register 102 to the comparator. 
The positive normalizer value (K) is determined ac‘ 

cording to the number of detections declared per frame. 
The number of detections from the aforementioned 
comparison at 96 are summed by counter 104 for each 
frame. This sum is compared in comparator 106 to a 
desired number of detections declared per frame preset 
by an operator input on line 108. If the sum is less than 
such preset number, the normalizer value is lowered by 
an up/down K counter 110 by one count per frame until 
the sum increases to equal the preset number. Lowering 
the normalizer value lowers the threshold thereby cre 
ating more detections and increasing the sum. Similarly, 
if the sum is greater than the preset number of detec 
tions declared per frame the normalizer value is in 
creased by one each frame. The sum then decreases 
until it equals the preset number. 

In operation of the processor of FIG. 5, suppose the 
address counter 70 is at address N somewhere in the 
center of the array. The background normalizer mask 
selected by PROM 78 then is 1 (FIG. 7) and the delays 
are 1, 3, 32, 36, 96, 100, 129 and 131 (FIG. 6). The pixel 
under test is at location N-66. Therefore, the multiplier 
/ accumulator output is: 

lWACOUT = K’/Data (N — l)/ + K*/Data (N — 3)/ + 

K ‘/Data (N —- 32)/ + K */Data (N — 36)/ + 

K '/Data (N -— 96)/ + K '/Data (N — 100)/ + 

where Data (X) is the data at pixel location X. 

The detect bit is then: 
detect bit = 1 

if Data (N-66) > MACOUT, or: 
detect bit = 0 
if Data (N-66) é MACOUT. 

This type of comparison is done for every pixel in the 
array. At the end of the frame, if the detection counter 
104 is greater than the preset number of detections per 
frame, then K becomes K+ 1. For a constant scene, K 
continues to increase linearly each frame until the de 
tection counter 104 equals the preset number, say M 
frames for instance. At that point, the normalizer values 
will toggle between that value and its immediate previ 
ous value every frame. That is, the normalizer value 
would be K+M, then K+M—l, then back to K+M, 
and so on. Similarly, when the detection counter is less 
than the number of detections per frame the normalizer 
value will decrease. 
While the invention has been described above with 

respect to its preferred embodiments, it should be un= 
derstood that other forms and embodiments may be 
made without departing from the spirit and scope of the 
invention. It will also be appreciated that while the 
processor as described performs both spatial ?ltering 
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8 
and background normalizer functions, the invention has 
application to processors performing only one of these 
or similar signal detection enhancement functions. 
What is claimed is: 
1. A signal processor for use with a multi=pixel array 

for detecting point sources of radiant energy in the 
presence of background noise, comprising: 

address means for sequentially addressing the pixels 
of said array in predetermined order such that each 
pixel in turn becomes the output pixel; 

background pixel selection means responsive to said 
address means for selecting a plurality of back 
ground pixels surrounding said output pixel and 
together comprising at least one mask centered on 
said output pixel as the output pixel is sequenced 
from pixel to pixel of the array; 

means for storing a plurality of sets of weight values 
for the background pixels of said mask with the 
weight values of such sets being dependent on the 
location of said output pixel on the array, the 
weight values of each such set for output pixel 
locations at which any of the surrounding back 
ground pixels comprising said mask lie outside the 
adjacent edge of the array being zero for all mem 
bers of that set corresponding to such off-array 
pixels; 

weight selection means responsive to said address 
means for selecting the one of said stored weight 
sets appropriate to the present location of said out 
put pixel and selecting sequentially from such one 
set the stored weight value to be applied to each 
background pixel of said mask; 

multiplier-accumulator means for multiplying each 
background pixel value by its selected weight 
value and accumulating the results of such multipli 
cations for all background pixels of said mask; and 

means for applying to the output pixel signal the 
output of said multiplier-accumulator means to 
provide a processor output free of initialization and 
wrap-around effects. 

2. A signal processor as de?ned in claim 1 
wherein said plurality of background pixels together 

comprise a single mask de?ned by time delay val 
ues correlated with the relative positions on the 
array of said output pixel and the background pix 
els comprising said single mask; and 

wherein said means for selecting said background 
pixels and said means for selecting the stored 
weight value to be applied to each such pixel oper 
ate under control of a time input from said address 
means. 

3. A signal processor as de?ned in claim 2 
wherein said single mask comprises a spatial ?lter 
mask in the form of a 3 X 3 pixel matrix having said 
output pixel centered therein; 

wherein said means for storing said weight value sets 
comprises a tap weight memory into which is pro 
grammed a number of sets of pixel weighting val 
ues to provide one such set for each output pixel 
position on the array at which some part of said 
?lter mask is off the adjacent edge of the array; and 

wherein said selection means for selecting from the 
weight sets stored in said tap weight memory 
makes such selection in response to an address 
input from said address means. 

4. A signal processor as de?ned in claim 1 
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wherein said plurality of background pixels together 

comprise a plurality of masks each de?ned by a set 
of time delay values correlated with one position of 
the array of said output pixel and the background 
pixels comprising that mask; and 

wherein said means for selecting said background 
pixels and said means for selecting the stored 
weight value to be applied to each such pixel oper 
ate under control of a time input from said address 
means. 

5. A signal processor as de?ned in claim 4 
wherein each of said plurality of masks comprises a 
background normalizer mask in the form of a 5 X 5 
pixel matrix having said output pixel centered 
therein; and 

wherein said means for storing said weight value sets 
comprises a memory into which is programmed a 
number of sets of pixel weighting values to provide 
one such set for each output pixel position on the 
array at which some part of said ?lter mask is off 
the adjacent edge of the array. 

6. A two-dimensional spatial ?lter processor for use 
with a radiant energy detector array which includes a 
plurality of sensor elements that are sequentially 
scanned with each in turn becoming the output pixel 
and in which initialization and wrap-around problems 
arise at output pixel locations adjacent the periphery of 
the array, comprising: 

address means providing a sequential addressing of 
the pixels of said array in predetermined order such 
that each pixel in turn becomes the output pixel 
during one pixel read time, said address means 
further providing a time output de?ning a plurality 
of time slots per pixel read time; 

means responsive to the time slot output of said ad 
dress means for de?ning a spatial ?lter mask com 
prising a 3X3 grid of background pixels that is 
centered on and moves with said output pixel as it 
is sequenced from pixel to pixel of the array; 

tap weight memory means for storing a plurality of 
sets of weight values for the background pixels 
comprising said ?lter mask with tho weight values 
of each such set being matched to the location of 
said mask and output pixel on the array, the weight 
values of each such set for ?lter mask locations at 
which any of the pixels comprising the mask fall 
outside the adjacent edge of the array being zero 
for all such off-array pixels; 

weight selection means responsive to the address and 
time outputs of said address means for selecting the 
one of said stored weight sets matched to the pres= 
ent location of said ?lter mask and selecting se 
quentially from such one set the stored weight 
value to be applied to each pixel of said mask; 

background pixel selection means responsive to the 
address and time outputs of said address means to 
select sequentially the background pixel signal 
value to which the stored weight value selected by 
said weight selection means is to be applied; 

multiple-accumulator means for multiplying each 
such selected background pixel value by its se 
lected weight value and accumulating the results of 
such multiplications for the background pixels of 
said ?lter mask; and 

means for applying to the output pixel signal the 
output of said multiplier-accumulator means to 
provide a spatially ?ltered processor output. 

7. A processor as defined in claim 6 
wherein said background pixel signal selection means 

comprises delay memory means storing time delay 
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values de?ning the relative positions of said output 
pixel and each of said background pixels in the 
spatial ?lter mask formed thereby; and 

further including means for subtracting from the ad 
dress output of said address means a delay value 
read from said delay memory means in response to 
the time output from said address means, to thus 
obtain the address of the background pixel signal to 
which the selected ?lter weight value is to be ap 
plied. 

8. For use with a multi-pixel radiant energy detector 
array having output pixel location dependent areas at 
which initialization and wrap-around problems require 
avoidance, a background normalizing processor com 
prising: 

address means providing time slot and address out 
puts for sequentially addressing the pixels of said 
array in predetermined order such that each pixel 
in turn becomes the output pixel; 

memory means storing a plurality of normalizer 
masks each comprising a set of time delay values 
with each such value de?ning the location of one 
element of a background pixel matrix that is and 
remains centered on the output pixel as sequentially 
addressed; 

memory means storing a different set of normaliza 
tion weight values for the background pixels of a 
corresponding one of said normalizer masks with 
the normalization weight values being dependent 
on the location of such mask, the normalization 
weight values of each such set for normalizer mask 
locations at which any of the pixels comprising the 
mask fall outside the adjacent edge of the array 
being zero for all such off-array pixels; 

weight set selection means responsive to the address 
output of said address means for selecting the one 
of said stored normalization weight sets appropri 
ate to the present location of said output pixel; 

weight selection means responsive to the time slot 
output of said address means for selecting sequen 
tially from such one set the stored normalization 
weight value to be applied to each background 
pixel of the corresponding one of said normalizer 
masks; 

weighting means responsive to said weight selection 
means and to said address means for weighting 
each of said background pixels in accordance with 
said selected normalization weight value and accu 
mulating the weighted signals; and 

comparator means for effecting a comparison of the 
output pixel signal and the normalized background 
signal and declaring a detection. 

9. A processor as de?ned in claim 8 
wherein each of said normalization weights is of 

value equal to “0”, “l” or “2”; and 
wherein said weighting means applies such “0” value 

to appropriate background pixels by not reading 
such pixels to said comparator, applies such “1” 
value to appropriate background pixels by reading 
such pixels to said comparator, and applies such 
“2” value to appropriate background pixles by 
doubling the value thereof as read to said compara 
tor. 

10. A processor as de?ned in claim 8 further includ 
ing means for multiplying said normalized background 
signal as applied to said comparator means by a multi 
plier adaptively derived by comparison of the number 
of detections in each frame against a preset number of 
detections per frame. 

* * * * * 


